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© A cellular emended area of coverage system 
includes at least two cellular repeaters or boosters 
(10A, 10B) coupled together. The boosters have 
overlapping coverage areas (20A, 20B). One booster 
in addition overlaps the coverage area (202) of a first 
adjacent cell (12A). The other booster overlaps the 
coverage area (204) of a second adjacent cell (12B). 
The cell coverage areas may or may not overlap. An 
apparatus and method are provided for measuring 



RSSI of a movable transceiver (M) located within the 
first booster coverage area (20A) which is moving 
into the second booster coverage area (20B). Ap- 
paratus and method are further provided for transfer- 
ring control of the movable transceiver (M) from the 
first cell site (12A) to the second cell site (12B) in 
response to that transceiver moving from the ffrst 
booster coverage area into the second coverage 
area. 



Fig. 3A 
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DUAL DONOR BOOSTER SYSTEM 



Reference To Related Patent Application 

The present patent application is a 
continuation-in-part of patent application Serial No. 
081,120 entitled Booster and filed August 3, 1987. 



Field of the Invention 

The invention pertains to boosters usable in 
cellular mobile systems to improve coverage. More 
particularly, the- invention pertains to systems and 
methods for improving handoff between cells in a 
cellular system. 



Background of the Invention 

Current cellular system implementations in- 
volve the use of a few to the use of many cells to 
cover a given geographical area. The cells are 
designed to provide some degree of overlapping 
coverage. They are also designed to allow reuse of 
the same channels several cells away (but within 
the same geographical area). 

In practice, cellular system cell-site designs do 
not cover all the desired coverage areas due to 
anomalies of RF propagation. For example, a nar- 
row depression in the terrain such as a ravine or 
along a road adjacent to a river bed may not have 
adequate signal coverage due to blockage from 
nearby terrain. 

Another example would be in an underground 
parking garage, or even in large office buildings 
where larger than normal signal attenuation would 
result in unacceptable signal levels. Furthermore, 
cell-sites in some cellular systems are not located 
close enough together, thus resulting in poor cov- 
erage areas between the cells. 

The addition of new cell-sites to remedy such 
problems is prohibitive in many cases. This is 
because the numbers of subscribers in these areas 
are generally of insufficient quantity to justify the 
cost of a new cell-site installation. 

A low cost alternative solution to this problem 
is to employ a cellular repeater or booster near the 
coverage area in question. Such a repeater is in- 
tended to retransmit the channels from a nearby 
(donor) cell into the problem area. The retransmit- 
ted channels can then be received by appropriate 
mobile units in the area. Likewise, transmissions 
from mobile units in the problem area can be 
retransmitted by the booster such that they can be 
heard by the channel receivers at the donor cell- 
site. 



One such booster is disclosed in the com- 
monly assigned patent application hereto, entitled 
Booster, S/N 081,120 filed August 3, 1987. That 
patent application is hereby incorporated herein by 

s reference. Known booster systems for solving the 
above described problems can only carry out a 
handoff operation with a single adjacent cell site. 

In addition to the previously noted problems of 
inadequate coverage within a cell, another problem 

to arises in an area between two cells. In such an 
area, the coverage may not be adequate to allow 
handoff directly from one cell to the other. Thus, it 
would be desirable to be able to implement a 
system which could handoff a call from a first cell 

75 site to a non-overlapping second cell site using an 
extended area of coverage created with one or 
more boosters but under the control initially of the 
first cell site and then subsequently, under the 
control of the second cell site. 

20 Further, in instances where corridor type ex- 

tended areas of coverage are created using a plu- 
rality of spaced-apart boosters, as described in the 
parent hereto, it would be desirable to provide 
handoff from the end of the corridor to an adjacent 

25 cell site perhaps in a different cellular system. 
Alternately, the receiving adjacent cell site could be 
part of the same cellular system. 



30 Summary of the Invention 

A system and method in accordance with the 
present invention provide improved communica- 
tions between a movable transceiver and first and 
35 second fixed transceivers. The fixed transceivers 
need not have overlapping radiation coverage 
areas. 

The system includes first and second boosters. 
Each booster is capable of boosting or repeating 

40 selective electromagnetic signals from the movable 
transceiver, when the transceiver is in a coverage 
area served by the respective booster, and trans- 
mitting the boosted signal or signals to the respec- 
tive fixed transceiver. 

45 As the movable transceiver moves from the 
region of coverage of the first booster into the 
region of coverage of the second booster its posi- 
tion with respect to those booster coverage areas 
can be tracked. Overall control of the communica- 

so tion function between the respective tracking boost- 
er and the associated fixed transceiver can be 
switched to the other booster and the other fixed 
transceiver in response to the location of the mov- 
able transceiver. 

The two boosters can be co-located and elec- 
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trically coupleci together by a multiple conductor 
cable. In this embodiment of the invention, the 
antennas for each of the boosters are oriented so 
as to provide two spaced-apart areas of coverage 
with an overlapping region between the two areas 
of coverage. Each of the areas of coverage over- 
laps in part an area of coverage associated with a 
respective one of the fixed transceivers. 

In an alternate embodiment of the present in- 
vention, the two boosters can be co-iocated and 
their antenna systems can be oriented so as to 
provide two substantially ' overlapping regions of 
coverage. Each of the overlapping regions of cov- 
erage of a respective booster also overlaps, in part, 
the region of coverage of a respective fixed tran- 
sceiver. 

In the latter described embodiment the radi- 
ation coverage areas of the two fixed transceivers 
may or may not overlap. Further, in this latter 
embodiment, the two co located boosters, which 
are also coupled by a multiconductor cable, can 
transfer the boosting or repeating function with 
respect to selected movable transceivers between 
one another so as to carry out a load balancing 
function. 

In each of the above two described alternate 
embodiments, the respective fixed transceiver re- 
mains in overall control of the communications 
between the respective booster and the mobile 
transceiver. 

In yet another embodiment of the invention, the 
two boosters need not be co-located. In such an 
instance, the two boosters would still be coupled 
by a communication link. The communication link 
could be a cable or alternately it could be an RF 
link. 

In the instance where the two boosters are not 
co-tocated, the regions of coverage established 
with respect to each of the two boosters must 
nevertheless still overlap at least in part the region 
of coverage with respect to the respective fixed 
transceiver and at least in part the region of cov- 
erage of the other booster in the system. 

The present system can also include a plurality 
of boosters spaced-apart from one another so as to 
form a corridor extension system. In this instance, 
a first one of the boosters has a coverage area 
which overlaps at least in part the coverage area of 
the fixed transceiver. The coverage areas of each 
of the boosters overlap adjacent booster coverage 
areas at least in part. A second booster, denotable 
generally as being at the end of the corridor over- 
laps at least in part the coverage area of the 
second fixed transceiver. 

The fixed transceivers can be implemented as 
cells or eel) sites in a cellular radio telephone 
system. In such an instance, the boosters will boost 
or repeat electromagnetic communication signals 



associated with that cellular radio telephone sys- 
tem. The movable transceiver could correspond to 
a cellular transceiver mounted in a vehicle or a 
portable cellular transceiver. 

s in this instance, the first and second cell sites 

always remain in an overall control of the commu- 
nication with respect to the movable cellular tran- 
sceiver. The celi site which is in control of a 
particular communication being carried out with 

70 respect to the extended area of coverage is deter- 
mined by which of the boosters is currently provid- 
ing the boosting or repeating function for the mov- 
able cellular transceiver. As the movable cellular 
transceiver moves from one booster coverage area 

75 Into another, overall control of the communication 
is automatically switched from one cell site to the 
other. 

Numerous other advantages and features of 
the present invention will become readily apparent 
20 from the following detailed description of the inven- 
tion and the embodiments thereof, from the claims 
and from the accompanying drawings in which the 
details of the invention are fully and completely 
disclosed as a part of this specification. 

25 

Brief Description of the Drawings 

Figure 1 is a block diagram of a portion of a 
30 cellular system that uses a booster in accor- 
dance with the present Invention; 
Figure 1 A is an overall schematic diagram of a 
system in accordance with the present inven- 
tion; 

as Figures 2A - 2D taken together are a flow dia- 
gram of various modes of operation of the 
booster of Figure 1; 

Figure 3A Is a diagram of the cell-to-mobile and 
the booster-to-mobile coverage regions for a two 
40 booster bridge-handoff configuration where sep- 
arate antennas are used for the booster-to-mov- 
able unit link; 

Figure 3B is a diagram of the cell-to-mobile and 
the booster-to-mobile antenna coverage regions 

45 for a two booster bridge-handoff configuration 
where common antennas are used for the 
booster-to-movable unit link; 
Figure 4, taken together with Figure 2C, is a flow 
diagram of a method of operating a first booster 

so so as to implement a handoff of a movable unit 
to a second booster in a bridge-handoff configu- 
ration. 

Figure 5 taken together with Figure 2C is a flow 
diagram of a method of operating a second 
55 booster that has been requested by the first 
booster in a bridge-handoff configuration to 
boost a signal back to the associated cell in 
which separate booster-to-movable unit anten- 
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nas are used; and 

Figure 6 is an overall block diagram of first and 
second interconnected boosters usable to imple- 
ment the two booster bridge handoff configura- 
tion utilizing common antennas on the booster- 
to-movable unit link. 

Detailed Description of the Preferred Embodi- 
ment 

While this invention is susceptible of embodi- 
ment in many different forms, there is shown in the 
drawing and will be described herein in detail a 
specific embodiment thereof with the understand- 
ing that the present disclosure is to be considered 
as an exemplification of the principles of the inven- 
tion and is not intended to limit the invention to the 
specific embodiment Illustrated. 

Figure 1 illustrates a portion of a cellular 
radiotelephone system 10. The system 10 includes 
a fixed cell-site 12 of a conventional variety used in 
connection with cellular radio telephone service. 
The cell-site 12 includes a transmitting and receiv- 
ing antenna 14. 

A booster 16 is illustrated in Figure 1 in 
bidirectional communication with the cell-site 12 
and a movable transceiver M such as a mobile unit 
or a portable cellular telephone. The booster 16 
includes a directional transmit and receive antenna 
18 which is used to transmit signals to and receive 
signals from the cell-site 12. The booster 16 also 
includes a second antenna 20 for transmitting sig- 
nals to and receiving signals from the movable 
transceiver M. 

The antenna 20 can be, but need not be, a 
directional antenna. The booster 16 can repeat 
both voice and control channels in connection with 
a cellular mobile transmission. The repeated chan- 
nel can be repeated at the same frequency as 
received. Alternately, the booster 16 can shift the 
transmitted frequency from the received frequency. 

The booster 16 includes a plurality of inter- 
mediate frequency communication paths imple- 
mented as intermediate frequency (IF) blocks 22- 
30. These communication paths provide for trans- 
mission of five channels of control signals, voice or 
other audio In parallel from the movable unit M to 
the cell-site 12. The booster 16 also Includes a 
plurality of cell-site to movable communication 
paths 32-40 for transmitting five channels of control 
signals, voice or other audio from the cell-site 12 to 
the movable unit M. The number of IF blocks can 
be varied and is not a limitation of the present 
invention. 

Each of the intermediate channels 22-30, and 
32-40 is identical. Each shifts an incoming fre- 
quency down to a predetermined intermediate fre- 
quency for filtering (each includes a 30 K Hz band- 



width filter) for amplification. Each amplified inter- 
mediate frequency signal is then shifted up to a 
predetermined transmission frequency. 

Signals from the cell-site 12 transmitted to the 
5 booster 16 and detected at antenna 18 pass 
through duplexer 50 and enter multi-coupler 52. 
The multi-coupler 52 provides RF amplification of 
low level signals. Output from the multi-coupler 52, 
on lines 52a-e, provides Input to the communica- 
te tion paths 32-40 which, as discussed subsequently, 
are implemented as intermediate frequency trans- 
mission paths. 

Output from each of the paths 32-40 is am- 
plified in RF power output amplifiers 54a-e. Am- 
is plified outputs from the amplifiers 54a-e are com- 
bined in a high power low loss combiner 56. Alter- 
natively, separate antennas may be employed for 
each RF power amplifier, or a very high power 
linear amplifier using distortion cancelling tech- 
20 niques may be used with a single antenna. The 
output from the combiner 56, on a single line 56a, 
is coupled to a duplexer 58. Output from the 
duplexer 58 is then transmitted via the antenna 20 
to the movable unit M. 
25 Incoming signals received from the movable 
unit M at the antenna 20 are coupled via the 
duplexer 58 to multi-coupler 60. Outputs from the 
multi-coupler 60 drive the intermediate frequency 
communication paths 22-30. Outputs from the 
30 paths 22-30 are combined in a five way combiner 
62. The combined output from the five way com- 
biner 62 is amplified in the linear amplifier 64. The 
.output from the amplifier 64 provides an input to 
the duplexer 50. 
as Output from the duplexer 50 is coupled via the 

directional antenna 18 to the cell-site 12. The Inter- 
mediate frequency communication paths 21-30 and 
32-40 operate under control of a stored program 
control unit 66. 
40 Units that move into the area served by the 

booster 16 are monitored for several scans thereof 
to determine the signal level trend before boosting 
or retransmission of the unit is attempted. As a 
result, erroneous boosting of channels due to mo- 
45 mentarily strong signals from a movable unit can 
be minimized. 

A specific transmission path can be provided 
for the control channel of the cell-site 12 to allow 
call originations or terminations to be completed for 
so those movable units which are not currently active 
but which are in the vicinity of the booster 16. The 
transmission path for the control channel may be 
purposely offset to provide F1-F2 repeater opera- 
tion. 

55 For the same movable units, an "action" 
threshold level is provided to allow quick response 
in setting up a boosted transmission path for a new 
call. This "action" threshold level is generaily high- 
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er than the minimum threshold level. A signal ex- 
ceeding this level is flagged for immediate action at 
the end of a scan. The movable unit will transmit 
on the channel assigned by the cell-site -12 for a 
maximum of five seconds without the presence of a 
correct supervisory audio tone (SAT) being de- 
tected by the booster 16. 

If the signal from the movable unit exceeds the 
"action" threshold, a boosted transmission path will 
be placed on that channel within a couple of sec- 
onds, If the signal is below that threshold but above 
the minimum threshold, a boosted transmission 
path will be assigned within five seconds or so. 

Weaker signals from the movable units that 
approach the minimum threshold will generally be 
in an area where some coverage is provided di- 
rectly from the cell-site 12. This provides adequate 
time for the booster 16 to average the readings and 
determine that a new channel Is to be boosted. 

Each of the intermediate frequency paths 22- 
30 and 32-40 is implemented with microprocessor 
controlled step down and step up frequency syn- 
thesizers. The use of two frequency synthesizers 
permits the offset of the control channel to another 
nearby control channel, as well as the offsetting of 
the voice channels. The above comments also ap- 
ply with respect to the transmission paths 32 
through 40 which are used for the purpose of 
boosting signals from the cell-site 12 to the mov- 
able unit M. 

The stored program control unit 66 includes an 
8031 Intel microprocessor. The processor provides 
overall control for the booster 16. It communicates 
with the other circuitry in the booster 16 via inter- 
face circuitry. The control unit 66 also includes a 
10 kilobit data demodulator and a 6 kHZ supervi- 
sory audio tone (SAT) demodulator. The demodula- 
tor includes circuitry for decoding the 10 kilobit 
data stream which is utilized in the cellular system 
and for measuring which of the supervisory audio 
tones is being transponded by the cellular mobile 
unit such as the movable unit M. 

The control unit 66 is utilized for maintaining 
signal level history for processing purposes as well 
as for controlling the frequency synthesizers, such 
as the synthesizers in each intermediate frequency 
path 22-30, and 32-40. It is also used for setting 
the signal gain through each path as well as for 
measuring the received signal levels on each chan- 
nel and for carrying out diagnostic and parameter 
setting functions. 

A flow diagram, Figures 2A-2D, describes the 
sequence of events that takes place in determining 
candidate channels for boosting. All the channels of 
the cell-site 12 are scanned. If the measured signal 
level from a movable unit on any of the cell-site 
channels exceeds a minimum preset threshold and 
also has the correct SAT frequency, that channel 



number and its signal level are recorded. A running 
history of the signal levels of the various units that 
are active is maintained in a table. At the end of 
each channel-set scan the data in the table are 

s analyzed to .rank the signals by level. A determina- 
tion is then made as to which signals are to be 
boosted or retransmitted. 

A handoff-bridge system 200 can be imple- 
mented by co-locating two boosters 10A and 10B, 

w corresponding to the booster 10 of Figure 1, that 
are interconnected by a communication path 8 as 
illustrated in Figure 1A. The boosters 10A and 10B 
have different booster-to-movable unit M coverage 
areas. 

ts Rgure 3A is an example of exemplary RF 

coverage areas of the handoff-bridge system 200. 
The RF coverage areas 202, 204 of two adjacent 
donor cells 12A and 12B do not overlap. Figure 3A 
also illustrates the area of coverage 20A of the 

20 booster 10A associated with donor cell 12A. The 
area of RF coverage 20A partly overlaps the area 
of coverage 202. The area of RF coverage 20B of 
the booster 10B associated with the cell 12B over- 
laps, in part, the coverage area 20A and the cov- 

25 erage area 204. 

The cell 12A operates with allocated channels 
F1. The cell 12B operates with allocated channels 
F2. 

The co-located boosters 10A, 10B may share 

30 the same set of channels, F3. Alternately, booster 
10B may use a different set of channels. F4, for the 
output signals from the booster to the movable unit 
Movable units coming from coverage area 202 
of cell 12A into the coverage area 20A of the 

35 booster 10A get handed-off to the booster 10A, as 
previously described and receive from and transmit 
to that booster based upon criteria and logic pre- 
viously described. Likewise, movable units coming 
from the coverage area 204 of the cell 12B into the 

ao coverage area 20B of the booster 10B get handed- 
off to the booster 10B as previously described and 
receive from and transmit to that booster on an 
appropriate channel. 

In addition, as described in more detail subse- 

45 quently, control of the movable unit M is switched 
from cell site 12A to cell site 12B in response to 
that unit moving from coverage area 202. through 
coverage area 20A and into coverage area 20B. 
The booster-to-cell antenna 18A of booster 

60 10A, corresponding to the antenna 18 of Rgure 1, 
is directed toward cell 12A, The booster-to-cell 
antenna 18B of booster 10B, corresponding to the 
antenna 18 of Figure 1, is directed toward cell 12B. 
The booster-to-movable unit antennas 20A and 

55 20B, corresponding to antenna 20, of the two 
boosters 10A, 10B provide the overlapping cov- 
erage areas 20A, 20B but each will cover unique 
areas adjacent to its cell as illustrated in Rgure 3A. 
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With respect to the system 200 of Figure 3A, 
when a movable transceiver moves from the region 
202 of coverage of the cell 12A into the region of 
coverage of 20A of the booster 10A, a handoff 
operation will be initiated by booster 10A. As pre- 
viously discussed, the booster 10A will then com- 
municate with the movable unit M on an F3 chan- 
nel. 

When the movable unit M moves into the over- 
lapping areas of coverage of the regions 20A and 
20B toward the boundary of the coverage area 
20A, the received signal strength (RSSI) signal 
level will be decreasing in the booster 10A and 
increasing in the booster 10B. When the movable 
transceiver moves out of the coverage area 20A 
and into the coverage 20B, it is necessary to 
transfer immediate and direct control of that unit 
from the booster 10A to the booster 10B via cell 
12A and cell 12B. 

To carry out the transfer control, the booster 
10A will reduce the reverse signal strength on the 
F1 channel set reverse path to the cell 12A. Si- 
multaneously, the booster 12B will transmit a cor- 
responding high power signal on the F1 channel 
reverse path to the cell 12B. As a result, the cell 
12A will go through a handoff procedure and trans- 
fer control of the movable unit M to the cell 12B. 

The handoff command issued by the cell 12A, 
a handoff to the F2 channel set, is detected by the 
booster 10A, translated to the F3 channel and sent 
to the movable unit M. The link between the boost- 
er 10A and the cell 12A with respect to the mov- 
able unit M is then broken. 

Simultaneously, the booster 10B will get a 
message from the booster 10A causing it to issue a 
handoff command to the movable unit M on an F2 
channel to go to a selected F4 channel. At the 
same time, the booster 10B will set up a repeat 
F4/F2 channel to the cell 12B. 

The movable unit M will stay on the assigned 
F4 channel so long as it stays in the coverage area 
20B. In the event that it moves into the coverage 
area 204 from the coverage area 20B, a standard 
handoff, of the type previously described, from the 
booster 10B occurs to move the movable unit to 
cell 12B onF2. 

It should be noted that the extended area of 
coverage represented by the coverage region 20A, 
with respect to the cell 12A, could be part of an 
extended area of coverage having a plurality of 
linked boosters as previously discussed. 

It will be understood that the apparatus and 
process previously described provides a way for a 
movable unit to move from the control of the cell 
12A into control of the cell 12B while still function- 
ing within the overall control of the cellular system 
not withstanding the fact that the coverage area 
202 of the cell 12A does not whatsoever overlap 



the coverage area 204 of the cell 12B. 

If the mobile M is in an area that is covered 
equally well by either the booster 10A or the boost- 
er 1 0B ( a booster that has all of its channels busy 

5 may initiate the handoff to the other cell, as de- 
scribed above, if the other booster has several 
unused channels. Thus the boosters will attempt to 
balance the load between them. 

An alternate configuration 210 is illustrated in 

w Figure 3B, for a bridge booster formed by co- 
located, interconnected boosters 10A and 10B that 
use, on the booster-to-movable unit link, common 
diversity antennas. The regions of coverage 202 
and 204 can, but need not, overlap. 

is Boosters using diversity antennas are dis- 

closed in a commonly assigned, copending patent 
application entitled, Booster Diversity Receiving 
System, filed February 24, 1989, Serial No. 
315,922. The specification and figures of that ap- 

20 plication are incorporated herein by reference. 

These antennas have coverage regions 21A 
and 21 B that cover nearly the same area but have 
reduced gain regions that point in different direc- 
tions. Hence, the booster 10A has coverage region 

25 21 A with reduced gain region 11 A. The booster 
10B has coverage region 21 B with reduced gain 
region 11B. 

If the reduced gain regions 11A and 11b are 
arranged with one directed toward cell 12A and the 

30- other directed toward cell 12B, the boosters 10A or 
10B can determine via the signal levels from the 
antennas when the movable transceiver M is in the 
region of reduced gain 11A or in the region of 
reduced gain 11B or in the region where the cov- 

35 erage areas 21 A and 21 B overlap. Based on the 
location of the transceiver M, the booster control 
unit determines whether the unit M which is a 
candidate for handoff, should be handed to cell 
12A or to cell 12B. The advantage of this configu- 

40 ration is that separate antennas for the booster-to- 
mobile link are not required for each booster. 

With respect to the system 210, in summary, 
as the movable unit M moves from the coverage 
area 202 of the cell 12A into the coverage area 21 A 

4$ of the booster 10A a handoff operation will take 
place. The booster 10A monitors the reverse F1 
channel assigned to the movable unit M. When the 
RSSI of the reverse F1 channel assigned to the 
movable unit M exceeds a "hand-in" threshold, the 

so booster 10A transmits a message on the F1 chan- 
nel to the movable unit M directing it to move to a 
selected channel in the F3 frequency set At the 
same time, the booster 10A establishes a reverse 
F1 channel to the cell 12A. When the movable unit 

55 M switches to the assigned channel in the F3 
frequency set the booster 10A will provide commu- 
nications, including frequency translation to and 
from the cell 12A. 
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As the movable unit M moves from the region 
of coverage 21 A into the region of coverage 21 B 
associated with the booster 10B, a handoff opera- 
tion is carried out between cell 12A and cell 12B. 

The RSSI signal level associated with the mov- 
able unit M at this time is decreasing with respect 
to coverage region 21 A and increasing with respect 
to coverage region 21 B. 

At this time the booster 10A reduces the signal 
strength of the F1 reverse path to cell 12A and 
simultaneously booster 10B transmits a high-power 
signal on the F1 reverse path to cell 12B. As a 
result, cell 12A goes through its handoff procedure 
and control is transferred on handoff to cell 12B. A 
handoff command to go to a particular F2 channel 
is issued by cell 12A which is received by booster 
10A. This handoff message is translated to the F3 
channel set and then sent via the booster 10A to 
the movable unit M. The F1/F3 booster link be- 
tween cell 12A and booster 10A is then broken. 

Cell 12B then sets up a voice channel on the 
F2 channel which is assigned to the mobile M. At 
the same time, booster 10B gets a message from 
booster 10A and issues on the same F2 frequency 
to the movable unit M a handoff command to go to 
an F4 channel. Booster 10B also sets up an F4/F2 
repeat path to cell 12B. The movable unit M then 
stays on the assigned F4 channel while it is in the 
region 21 B. 

The F4 channel set could be the same as the 
F3 channel set so long as the same channel of that 
channel set is not used simultaneously by both 
booster 10A and booster 10B. Note that the above- 
described process provides a way to hand off a 
movable unit by the system from cell 12A, via 
boosters 10A and 10B, to cell 12B without those 
cells having overlapping coverage areas. 

It is a particular advantage to the system 210 
that because of the reduced gain regions 11 A and 
11b it's possible to distinguish where the movable 
unit M is with respect thereto. This is useful of 
course where the movable unit M is under the 
control of the booster associated with the reduced 
gain region and the movable unit M is moving into 
the reduced gain region. Having detected this con- 
dition, the above-described handoff sequence can 
be initiated. 

Figure 4 in combination with Figure 5 illustrate 
the steps of a method that are combined with the 
steps in Figure 2C, already described, to imple- 
ment a bridge-handoff system 200 as in Figure 3A. 
Figure 4 in combination with Figure 5B illustrate 
the steps of a method that are combined with the 
steps in Figure 2C to implement a bridge handoff 
system as in Figure 3B. For explanatory purposes, 
assume that the signal from the movable unit M is 
being boosted by the booster 10A but is now no 
longer a candidate for boosting, Block 153 of Fig- 



ure 2C. 

With reference to Figure 4, Booster 10A deter- 
mines if it is in a bridge-handoff configuration in a 
step 300. If it is and if the 10B reverse path RSSI is 
5 greater than the 10A reverse path RSSI in step 
301, then Booster 10A requests that Booster 10B 
transmit a high level F1 signal with proper SAT 
tone to celt 12B in a step 302. 

If the mobile signal and the available channels 

w meet criteria as described below l booster 10B will 
send a strong temporary F1 signal to cell 12B as 
requested and respond with a message to booster 
1 0A in a step 304. 

If booster 10B accepts the request, in a step 

75 306, booster 10A will then reduce the F1 reverse 
path signal transmitted to ceil 12A in a step 308 
causing cell 12A to go into its handoff procedure. 
During the handoff procedure the cell 12B will 
receive a strong mobile signal because that signal 

20 is being transmitted by Booster 10B. 

When cell 12A hands the mobile M to cell 12B 
by sending a handoff message to go to an F2 
channel, the booster 10A will detect this message 
in a step 310. This handoff channel information will 

25 be transmitted to the booster 1 0B in a step 312. 

In response, booster 10B sends movable unit 
M another handoff message to go to an F3 or F4 
channel and provides verification to booster 10A in 
a step 314 that It will service the unit M. Booster 

so 10B then sets up a channel to boost from F2 to F3 
or F4. 

Alternately, if booster 10B could not boost the 
mobile signal to cell 12B or if cell 12A did not hand 
the mobile to cell 12B, booster 10A would drop the 

35 channel in the step 164 of Figure 2C. 

Figure 5 illustrates the steps of the method 
carried out by booster 10B in response to the 
operation of the booster 10A, described above, 
where separate booster-to-mobile antennas are 

40 used for boosters 10A and 10B. Upon the request 
from Booster 10A, step 302, to repeat its booster- 
to-cell signal to cell 12B, booster 10B will, in a step 
330 determine if it has a free channel. If a channel 
is available, booster 10B will determine in a step 

45 332 if the mobile signal being received on its 
antennas exceeds the level that would make that 
mobile a candidate for being boosted. 

If both of these conditions are true, Booster 
10B will, in a step 334, send a strong F1 signal to 

so cell 12B. In a step 336. it will send an acceptance 
signal to Booster 10A. Booster 10B then waits for 
the receipt of a handoff channel number from 
booster 1 0A in a step 338. When the handoff 
channel information is received, the temporary F1 

55 signal- of step 334 is discontinued. 

If the channel number received from booster 
10A is one of the F2 (cell 12B) set, step 340, 
booster 10B will set up the channel for boosting by 
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entering step 172 of Figure 2C and verification is 
sent to 1 0A in a step 342. The booster 10B trans- 
mits, in a step 344 ? a message to the unit M on the 
assigned F2 Channel to switch to the selected F3 
or F4 channel for service by booster 10B. If the 
channel number is not in the cell 12B set, booster 
10A is allowed to continue operation for mobile M. 

The handoff algorithm for the alternate antenna 
configuration, where Boosters 10A and 10B use 
common antennas, is nearly identical to that de- 
scribed above. There is no change in the steps of 
Figure 4 executed by the booster 10A. The opera- 
tion of the booster 10B is changed only in the 
criterion for acceptance of the mobile signal, step 
332 of Rgure 5. 

In the common antenna configuration, in the 
step 332, booster 10B determines if the movable 
unit M is in the reduced gain region 11A of the 
antenna 20A. If the signal from the movable unit M 
is in the 11 A region, booster 10B will accept the 
request from booster 10A if booster 10B has an 
available channel. The remaining steps of Rgure 5 
are the same as previously discussed. 

Figure 6 illustrates an overall block diagram of 
the system 210. The system 210, as previously 
discussed, includes boosters 10A and 10B which 
are interconnected when the boosters 10A and 10B 
share common diversity antennas 20A and 20B on 
the movable unit to booster links. 

From the foregoing, rt will be observed that 
numerous variations and modifications may be ef- 
fected without departing from the spirits and scope 
of the novel concept of the invention. It is to be 
understood that no limitation with respect to the 
specific apparatus illustrated herein is intended or 
should be inferred, ft is, of course, intended to 
cover by the appended claims all such modifica- 
tions as fall within the scope of the claims. 



Claims 

1. A system for improving communications be- 
tween a movable transceiver (M) and one of a first 
fixed transceiver (14A) or a second fixed tran- 
sceiver (14B) comprising: 

first means (10A) for boosting selected electromag- 
netic signals between the movable transceiver and 
one of the fixed transceivers when the movable 
transceiver is positioned in a first region (20A); 
second means (10B) tor boosting selected elec- 
tromagnetic signals between the movable trans- 
ceiver and the other of the fixed transceivers when 
the movable transceiver is positioned in a second 
region (20B) which overlaps at least in part, said 
first region; and 

means, located at least in part, in said first boosting 
means, for transferring one of said selected elec- 



tromagnetic signals being boosted therein to said 
second means for boosting. 

2. A system as in claim 1 with each said booster 
(10A, 10B) having a transmitting antenna directed 

s toward said respective regions (20A, 20B). 

3. A system as in claim 1 with said boosters (10A, 
10B) sharing at least one transmitting antenna di- 
rected toward one of said regions (20A; 20B). 

4. A system as in claim 3 with said boosters (10A, 
to 10B) sharing a second antenna, spaced from said 

first antenna, and directed toward the other of said 
regions. 

5. A system as in claim 4 including means for 
switching between said first and said second anten- 

T5 nas. 

6. A system as In claim 1 Including means (8) for 
communicating between said first and said second 
boosting means. 

7. A system as in claim 1 including means, respon- 
20 sive to a selected condition for requesting that said 

second means (10B) initiate boosting a signal cur- 
rently being boosted by said first means (10A). 

8. A system as in claim 7 with each said booster 
means (10A, 10B) Including signal strength mea- 

25 surement means. 

9. A system as in claim 8 wherein said selected 
condition corresponds to a signal strength param- 
eter of said signal being boosted having dropped 
below a predetermined threshold. 

30 10. A method for improving communications be- 
tween movable transceiver (M) a first and second 
fixed transceivers (14A, 14B) using the system of 
claim 1 comprising: 

boosting selected electromagnetic signals between 
as the movable transceiver and one of the fixed trans- 
mitters when the movable transceiver is positioned 
in a first region (20A); 

boosting selected electromagnetic signals between 
the movable transceiver and the other of the fixed 

ao transmitters when movable transceiver is posi- 
tioned in a second region (20B) which overlaps at 
least in part, the first region; and 
transferring one of the selected electromagnetic 
signals being boosted from one of the fixed trans- 

45 mitters to the other. 
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